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(54) Semicircular radial antenna 



(57) At least one of the following requirements is 
satisfied. A position of a curvature center of an arcuate 
portion in at least one of waveguide plates is selected 
between a connecting member and a power feeder, in 
accordance with a desired horizontal beam radiation 
characteristic. A curvature radius of the arcuate portion 



in at least one of the waveguide plates is selected in 
accordance with a desired vertical beam radiation char- 
acteristic. A slanted angle of a peripheral face of the ar- 
cuate portion, which connects a top face and a bottom 
face of each waveguide plate, In at least one of the 
waveguide plates is selected In accordance with a de- 
sired vertical beam radiation characteristic. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a semicircular radial 5 
antenna having a wide-angle beam used within the 
range of GHz to tens of GHz. 

[0002] A horn antenna has generally been known as 
an antenna for radiating, in the form of a beam, a radio 
wave within the range of GHz to tens of GHz. Since the 
horn antenna has a narrow angle of horizontal radiation, 
consideration has recently been given to a semicircular 
radial antenna having a wide-angle beam radiation 
characteristic. 

[0003] The semicircular radial antenna comprises a 
semicircular upper waveguide plate and a semicircular 
lower waveguide plate. The waveguide plates are 
spaced a predetermined distance from each other so as 
to oppose each other. Base portions (i.e., linear edges) 
of the waveguide plates are short-circuited by a short- 
circuit wall, thereby constituting a semicircular radial 
waveguide between the upper and lower waveguide 
plates. Power is externally fed to the semicircular radial 
waveguide. Such an antenna can achieve a wide-angle 
beam characteristic such that half width is about 120°. 
[0004] As mentioned above, the semicircular radial 
antenna achieves a wide-angle beam characteristic. 
However, there has not been considered the relation- 
ship among the structure of semicircular antenna, the 
horizontal beam width and the orientation of a radiated 
vertical beam. In addition, improvements in gains there- 
of are further expected. 

[0005] In recent years, a radio wave in a GHz band Is 
used in many cases in a communication system such 
as a satellite broadcast, a GPS, a mobile terminal, an 
ETC (Electronic Toll Collection) system, etc. For exam- 
ple, a 2.5 GHz band is used in the satellite broadcast 
and a 2 GHz band is used in the mobile terminal. Further, 
a 1 .5 GHz band is used in the GPS and a 5 GHz band 
is used In the ETC. Further, the arriving direction of the 
radio wave in the satellite broadcast and the GPS is the 
zenithal direction. The arriving direction of the radio 
wave in the mobile terminal is the horizontal direction. 
Accordingly, these arriving directions are different from 
each other. Therefore, the radio wave as an object is 
conventionally received by using a dedicated antenna 
with respect to each communication system. 
[0006] In this situation, it is necessary to arrange plu- 
ral kinds of antennas when plural communication sys- 
tems are utilized. It is complicated to arrange the plural 
kinds of antennas in this way, and the required area to 
arrange the antennas is increased. Accordingly, it is de- 
sired to receive the radio wave by a single kind of an- 
tenna in the plural communication systems. However, 
when the radio wave of each communication system is 
received by a single kind of antenna, since the arriving 
directions of the radio wave are different from each other 
as described the above, it was difficult to practically use 



the antenna since multidirectivity was required. 

SUMMARY OF THE INVENTION 

[0007] It is therefore a first object of the invention to 
provide a semicircular antenna which is capable of var- 
iably setting the width of a horizontal beam and change 
the orientation of a vertical beam radiation. 
[0008] A second object of the invention is to provide 
a semicircular radial antenna capable of improving a 
gain thereof. 

[0009] A third object of the present invention is to pro- 
vide a multidirectional antenna in which plural radio 
waves having different arriving directions can be re- 
ceived by a semicircular radial antenna. 
[001 0] In order to achieve the above objects, accord- 
ing to the present invention, there is provided a semicir- 
cular radial antenna, comprising: 

a pair of semicircular waveguide plates, having a 
pair of linear edge portions, an arcuate edge portion 
defined between the linear edge portions, the 
waveguide plates spaced from each other in a ver- 
tical direction; 

a connecting member, which physically and electri- 
cally connects at least a part of the linear edge por- 
tions in each waveguide plate; and 
a power feeder, provided between the waveguide 
plates white being spaced from the connecting 
member, 

wherein at least one of the following requirements 
is satisfied: 

i) a position of a curvature center of the arcuate por- 
tion in at least one of the waveguide plates is se- 
lected between the connecting member and the 
power feeder, in accordance with a desired horizon- 
tal beam radiation characteristic; 

ii) a curvature radius of the arcuate portion in at least 
one of the waveguide plates is selected in accord- 
ance with a desired vertical beam radiation charac- 
teristic; and 

iii) a slanted angle of a peripheral face of the arcuate 
portion, which connects a top face and a bottom 
face of each waveguide plate, in at least one of the 
waveguide plates is selected in accordance with a 
desired vertical beam radiation characteristic. 

[0011] Here, the term "semicircular" does not mean 
"complete half-circle", but "incomplete circle". Further- 
more, the "linear edge" may be curved if the required 
beam radiation characteristic is obtained. 
[0012] Preferably, at least one of the waveguide 
plates is slidably fixed on the connecting member such 
that the position of the curvature center is adjustable, 
[0013] Alternatively, it is preferable that at least one 
of the waveguide plates is detachably fixed on the con- 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 258 948 A2 



4 



necting member. 

[0014] According to the alx)ve configurations, the 
width of a horizontal beam and/or the orientation of a 
vertical radiation beam can be arbitrarily adjusted. 
[001 5] Preferably, the semicircular radial antenna fur- 
ther comprises: 

a first plate member disposed on a top face of an 
upper waveguide plate so as to form a groove be- 
tween the top face and the plate member and along 
the arcuate portion; and 

a second plate member disposed on a bottom face 
of a lower waveguide plate so as to form a groove 
extending along the arcuate portion between the 
bottom face and the plate member. 

[0016] Preferably, the peripheral face of the arcuate 
portion is formed with at least one groove extending 
along the arcuate portion. 

[0017] Here, it is preferable that an interval between 
the grooves is determined in accordance with a tilt angle 
of a beam radiation in the vertical direction. 
[001 8] Further, it is preferable that the semicircular ra- 
dial antenna further comprises extended portions pro- 
truded from a top face of an upper waveguide plate and 
a bottom face of a lower waveguide plate in the vertical 
direction, and extending along the arcuate portion of 
each waveguide plate, each extended portion being 
formed with at least one groove extending along the ar- 
cuate portion. 

[0019] Here, it is preferable that the semicircular ra- 
dial antenna further comprises a dielectric member 
formed along the peripheral face of the arcuate portion 
and a peripheral face of each extended portion. 
[0020] Preferably, the semicircular radial antenna fur- 
ther comprises a dielectric member formed along the 
peripheral face of the arcuate portion. Here, a peripheral 
face of the dielectric member is formed with a plurality 
of grooves extending along the arcuate portion at posi- 
tions where are substantially opposing to the peripheral 
faces of the arcuate portions in the respective 
waveguide plates. 

[0021] Here, it is preferable that an interval between 
the grooves is determined in accordance with a tilt angle 
of a beam radiation In the vertical direction. 
[0022] Preferably, the semicircular radial antenna fur- 
ther comprises a dielectric member formed along the 
peripheral face of the arcuate portion. Here, a peripheral 
face of the dielectric member is formed with a plurality 
of metal strip lines extending along the arcuate portion 
at positions where are substantially opposing to the pe- 
ripheral faces of the arcuate portions in the respective 
waveguide plates. 

[0023] Here, it is preferable that an interval between 
the metal strip line is determined in accordance with a 
tilt angle of a beam radiation in the vertical direction. 
[0024] According to the above configurations, the un- 
necessary backward radiation can be reduced and the 



gains can be enhanced. 

[0025] In addition, changing the interval among the 
plural grooves suitably, the radiation beams can be titled 

in the vertical direction. 

5 [0026] Preferably, the semicircular radial antenna fur- 
ther comprises a combiner through which the semicir- 
cular radial antenna is connected with at least one sem- 
icircular radial antenna having the same configuration. 
Here, the combiner combines signals obtained from 

10 each power feeder. 

[0027] Here, it is preferable that the semicircular ra- 
dial antenna further comprises a switch for selecting a 
signal outputted from the combiner or a signal obtained 
from the power feeder of one semicircular radial anten- 

15 na. 

[0028] Further, it is preferable that the semicircular ra- 
dial antenna further comprises a phase shifter which 
shifts a phase of a signal obtained from the power feeder 
so as to receive a circularly polarized wave signal to- 

20 gether with another semicircular radial antenna. 

[0029] Still further. It Is preferable that the semicircular 
radial antenna further comprises a phase shifter which 
shifts a phase of a signal obtained from the power feeder 
so as to receive a linearly polarized wave signal together 

25 with another semicircular radial antenna. 

[0030] Still further, it Is preferable that the semicircular 
radial antenna further comprises: 

a first combiner, through which the semicircular ra- 
30 . dial antenna is connected with at least one semicir- 
cular radial antenna having the same configuration; 
a phase shifter which shifts a phase of a signal ob- 
tained from the power feeder so as to receive a cir- 
cularly polarized wave signal together with another 
35 semicircular radial antenna; and 

a second combiner, through which the semicircular 
radial antenna is connected with another semicircu- 
lar radial antenna via the phase shifter. 

40 [0031] Here, it is preferable that the semicircular ra- 
dial antenna further comprises a branching filter which 
transmits a signal having a first frequency to the first 
combiner and a signal having a second frequency to the 
second combiner. 
45 [0032] Alternatively, it Is preferable that the semicir- 
cular radial antenna further comprises: 

a first combiner, through which the semicircular ra- 
dial antenna is connected with at least one semicir- 
50 cular radial antenna having the same configuration; 
a phase shifter which shifts a phase of a signal ob- 
tained from the power feeder so as to receive a lin- 
early polarized wave signal together with another 
semicircular radial antenna; and 
55 a second combiner, through which the semicircular 
radial antenna is connected with another semicircu- 
lar radial antenna via the phase shifter. 
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[0033] Here, it is preferable that the semicircular ra- 
dial antenna further comprises a branching filter which 
transmits a signal having a first frequency to the first 
combiner and a signal having a second frequency to the 
second combiner. 

[0034] Preferably, the semicircular radial antenna is 
connected with at least two semicircular radial antennas 
such that the semicircular radial antennas are circularly 
arranged at an equal interval. 

[0035] Preferably, the semicircular radial antenna fur- 
ther comprises at least one second antenna for receiv- 
ing a wave signal having a frequency higher than a fre- 
quency of a wave signal received by the semicircular 
radial antenna. 

[0036] Preferably, the semicircular radial antenna fur- 
ther comprises at least two second semicircular antenna 
for receiving a wave signal having a frequency different 
from a frequency of a wave signal received by the sem- 
icircular antenna. 

[0037] According to the above configurations, the 
multidirectivity can be attained by a single type of an- 
tenna. Furthermore, since the directivity can be 
switched as required, plural radio waves having different 
arriving directions can be received by the single type of 
antenna. Therefore, the antenna can be easily arranged 
even when an arranging area is narrow. 
[0038] Preferably, the waveguide plates are provided 
as film substrates, and a flexible dielectric substance is 
placed between the waveguide plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] In the accompanying drawings: 

Fig. 1 is a perspective view of a semicircular radial 
antenna according to a first embodiment; 
Fig. 2 Is a vertical section view of the semicircular 
radial antenna according to the first embodiment; 
Fig. 3 is a view showing a power feeder of the an- 
tenna according to the first embodiment; 
Fig. 4A is a transverse section view of the semicir- 
cular radial antenna according to the first embodi- 
ment; 

Fig. 4B is a transverse section view of a modified 
example of the semicircular radial antenna accord- 
ing to the first embodiment; 

Figs. AC and 4D are schematic transverse section 
views showing modified examples of a semicircular 
waveguide plate and a short-circuit wall; 
Fig. 5 shows a horizontal-plane radiation pattern of 
the semicircular radial antenna of the semicircular 
antenna shown in Fig. 4A; 

Fig. 6 shows a horizontal-plane radiation pattern of 
the semicircular radial antenna of the semicircular 
antenna shown in Fig. 48; 

Fig. 7 is a vertical section view showing a semicir- 
cular radial antenna according to a second embod- 
iment; 



Fig. 8 is a vertical section view showing a semicir- 
cular radial antenna according to a third embodi- 
ment; 

Fig. 9 is a vertical section view showing a semicir- 
5 cular radial antenna according to a fourth embodi- 
ment; 

Fig. 1 0 is a vertical section view showing a semicir- 
cular radial antenna according to a fifth embodi- 
ment; 

10 Fig. 11 is a view showing a vertical-plane radiation 
pattern of the semicircular radial antenna shown in 
Fig. 10; 

Fig. 12 is a vertical section view showing a semicir- 
cular radial antenna according to a sixth embodi- 
es ment; 

Fig. 13 is a vertical section view showing a semicir- 
cular radial antenna according to a seventh embod- 
iment; 

Fig. 1 4 is a perspective view showing a semicircular 
20 radial antenna according to an eighth embodiment; 

Fig. 15 is a transverse section view for indicating 
the semicircular radial antenna according to the 
eighth embodiment; 

Fig. 16 is a vertical section view showing the sem- 
25 icircular radial antenna according to the eighth em- 
bodiment; 

Fig. 1 7 is a view showing a power feeder of the an- 
tenna according to the eighth embodiment; 
Figs. 1 8A and 1 88 are diagrams indicating radiation 

30 characteristics of a semicircular radial antenna in 
which choke-effect grooves are not provided; 
Fig. 18C and 18D are diagrams indicating radiation 
characteristics of a semicircular radial antenna ac- 
cording to the eighth embodiment; 

35 Fig. 1 9 is a perspective view showing a semicircular 
radial antenna according to a ninth embodiment; 
Fig. 20 Is a vertical section view showing the sem- 
icircular radial antenna according to the ninth em- 
bodiment; 

40 Figs. 21 A and 21 B is a diagram indicating a radia- 
tion characteristic of the semicircular radial antenna 
according to the ninth embodiment; 
Fig, 22 is a vertical section view showing a semicir- 
cular radial antenna according to a tenth embodi- 
es ment; 

Fig. 23 is a vertical section view showing a semicir- 
cular radial antenna according to an eleventh em- 
bodiment; 

Fig. 24 is a vertical section view showing a semiclr- 
50 cular radial antenna according to a twelfth embod- 
iment; 

Fig. 25 is a vertical section view showing a semicir- 
cular radial antenna according to a thirteenth em- 
bodiment; 

55 Fig. 26 a front view showing the semicircular radial 
antenna according to the thirteenth embodiment; 
Fig. 27 is a plan view of a multidirectional antenna 
according to a fourteenth embodiment of the 
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present invention; 

Figs. 28A to 28C are views showing directivity of 
each semicircular radial antenna in the multidirec- 
tional antenna shown In Fig. 27; 
Figs. 29A and 29B are views showing the directivity 
of the multidirectional antenna shown in Fig. 27; 
Fig. 30 is a block diagram showing a multidirectional 
antenna according to a fifteenth embodiment of the 
present invention; 

Fig. 31 is a block diagram showing a multidirectional 
antenna according to a sixteenth embodiment of the 
present invention; 

Fig. 32 is a block diagram showing a multidirectional 
antenna according to a seventeenth embodiment of 
the present invention; 

Fig. 33 is a block diagram showing a multidirectional 
antenna according to an eighteenth embodiment of 
the present invention; 

Fig. 34 is a block diagram showing a multidirectional 
antenna according to a nineteenth embodiment of 
the present invention; 

Fig. 35A is a plan view of a multidirectional antenna 
according to a twentieth embodiment of the present 
invention; 

Fig. 35B is a sectional view taken along arrow line 
A-A of Fig. 35A; 

Fig. 36A is a plan view of a multidirectional antenna 
according to a twenty-first embodiment of the 
present invention; 

Fig. 36B is a sectional view taken along arrow line 
B-B of Fig. 36A; 

Fig. 37 is a perspective view showing a construc- 
tional example of a patch antenna; and 
Fig. 38 is a perspective view showing a construc- 
tional example of a mesh antenna. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Preferred embodiments of the invention will 
now be described by reference to the accompanying 
drawings. 

[0041] A semicircular radial antenna according to a 
first embodiment of the invention exemplifies a case 
where the width of a horizontal beam is set variably. 
[0042] As shown In Fig. 1 , the semicircular radial an- 
tenna 1 has an upper semicircular waveguide plate 2 
and a lower semicircular waveguide plate 3. The 
waveguide plates 2 and 3 are arranged so as to mutually 
oppose and are spaced from each other at a predeter- 
mined interval of, e.g., Ay4 or less. Base portions of the 
upper and lower waveguide plates 2 and 3 (i.e., linear 
edges) are short-circuited by a short-circuit wall 4, thus 
constituting a semi-radial waveguide path 5 between the 
upper and lower waveguide plates 2 and 3. In other 
words, the semicircular radial waveguide path 5 is 
formed such that the base portion of the semicircular 
radial waveguide path 5 is short-circuited by the short- 



circuit wall 4 and such that a peripheral section of the 
semicircular radial waveguide path 5 is open. 
[0043] Here, the shape of waveguide plates 2, 3 may 
not be complete semicircular as shown in Figs. 1, 4A 

5 and 4B. In other words, the short-circuit wall 4 may not 
be straight completely. As shown in Figs. 4C and 40, 
respective parts 4a, 4b of the short-circuit wall 4 sub- 
stantially defining the radius of the waveguide plates 2, 
3 may be angled with each other. Furthermore, the re- 

10 spective parts 4a, 4b of the short-circuit wall 4 may be 
curved if the required beam radiation characteristic is 
obtained. 

[0044] As shown in Fig. 2, a power feeder (probe) 6 
is provided at the center position on the lower 
15 waveguide 3 spaced a given interval "d," e.g., "XJA, from 
the short-circuit wall 4. The upper waveguide plate 2 and 
the lower waveguide 3 are each formed into the shape 
of a semi-circle of radius "r." The value of radius r is set 
to about 2X. 

20 [0045] A coaxial connector 7 such as that shown in 
Fig. 3 is used for the power feeder 6. A power feeding 
pin is provided so as to project from the center of the 
coaxial connector 7 to the inside of the semicircular ra- 
dial waveguide path 5. 

25 [0046] The center of curvature of the upper semicir- 
cular waveguide plate 2 and that of the lower semicir- 
cular waveguide plate 3 are set at arbitrary positions 
within the range between the position of the power feed- 
er 6 and the short-circuit wall 4. The width of a horizontal 

30 beam changes in accordance with variable setting of the 
center of curvature of the upper waveguide plate 2 and 
that of the lower waveguide plate 3. 
[0047] As shown in Fig. 4A, the center of curvature of 
the upper waveguide 2 and that of the lower waveguide 

35 3 are aligned with the position of the power feeder 6. 
When the interval d between the center of curvature and 
the short-circuit wall 4 is set to X/4, the half width of the 
horizontal beam will become approximately 140"=* as 
shown in Fig. 5. 

40 [0048] As shown in Fig. 4B, when the center of cur- 
vature of the upper waveguide plate 2 and that of the 
lower waveguide plate 3 are set to the position of the 
short-circuit wall 4, the half width of the horizontal beam 
will become approximately 110** as shown in Fig. 6. 

45 [0049] In Figs. 5 and 6, there are shown horizontal- 
plane radiation patterns when a center receiving fre- 
quency of the semicircular radial antenna 1 is set to 26 
GHz, while angles (deg.) are taken as the horizontal axis 
and the relative power (dB) is taken as the vertical axis. 

50 [0050] The center of curvature of the upper 
waveguide plate 2 and that of the lower waveguide plate 
3 are adequately selected between the power feeder 6 
and the short-circuit wall 4 in accordance with a desired 
horizontal beam radiation width. 

55 [0051] Next, there will now be described a semicircu- 
lar radial antenna wherein the orientation of a vertical 
radiation beam is variably set. 

[0052] Fig. 7 shows a semicircular radial antenna ac- 
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cording to a second embodiment. In this embodiment, 
a tapered section 11 is formed in an inner area of an 
outer peripheral face of the lower waveguide plate 3 so 
that a vertical radiation beam is oriented downward at a 
predetermined angle. In other respects, the semicircular s 
radial antenna 1 is identical in construction with that 
shown In Fig. 1 , and hence detailed explanations thereof 
are omitted. 

[0053] By changing an angle a of the tapered section 
11 suitably, the downward angle of the vertical radiation 

beam can be selected. 

[0054] Fig. 8 shows a semicircular radial antenna ac- 
cording to a third embodiment, wherein the tapered sec- 
tion 1 1 Is formed in the Inner area of the outer peripheral 
face of the lower waveguide plate 3 and a tapered sec- 
tion 12 is formed in an inner area of the outer peripheral 
face of the upper waveguide plate 2. Further, the angle 
a of the tapered section 1 1 is set so as to become great- 
er than an angle p of the tapered section 1 2. 
[0055] The tapered section 11 is formed In the lower 
waveguide plate 3, and the tapered section 1 2 is formed 
in the upper waveguide plate 2, By setting a difference 
between the angles a and p suitably, the downward an- 
gle of the vertical radiation beam can be selected in ac- 
cordance with the difference in angle. 
[0056] Fig. 9 shows a semicircular radial antenna ac- 
cording to a fourth embodiment in which the upper 
waveguide plate 2 is formed so as to assume a radius 
°r" and the tower waveguide plate 3 is formed so as to 
assume a radius "ra." 

[0057] By forming the upper and lower waveguide 
plates 2 and 3 such that the radius ra becomes shorter 
than the radius r, the downward angle of the vertical ra- 
diation beam can be variably set in accordance with a 
radial difference. For example, if the upper waveguide 
plate 2 has been formed so as to assume a radius r of 
2X and the lower waveguide plate 3 has been formed 
so as to assume a radius ra of 1 .5X, the vertical radiation 
beam can be oriented downward at an angle of approx- 
imately 45*^. 

[0058] Fig. 1 0 shows a semicircular radial antenna ac- 
cording to a fifth embodiment in which the upper and 
lower waveguide plates 2 and 3 are formed such that 
the radius ra becomes shorter than the radius r and such 
that the tapered section 11 Is formed in the inner area 
of the outer peripheral face of the lower waveguide plate 
3 in the manner shown in Fig. 7. 
[0059] By forming the tapered section 1 1 in the inner 
area of the outer peripheral face of the lower waveguide 
plate 3 that has been formed to be short, the desired 
angle of the vertical radiation beam can be set with 
greater reliability. 

[0060] Fig. 1 1 shows a vertical-plane radiation pattern 
of the semicircular radial antenna 1 shown in Fig. 1 0 ob- 
tained when the radius "r" of the upper waveguide plate 
2 is set to 30 mm; the radius ra of the lower waveguide 
plate 3 is set to 25 mm; a distance L between the power 
feeder 6 and the inner edge of the tapered section 1 1 is 



set to 22 mm; and the center receiving frequency of the 
semicircular radial antenna 1 is set to 26 GHz. An angle 
at which the beam is to be radiated (deg.) is taken as 
the horizontal axis and the relative power (dB) is taken 
as the vertical axis. In relation to the angle (deg.) of a 
radiated beam taken on the horizontal axis, an angle of 
0° represents the lateral front direction, and a negative 
value (-) represents a downward angle. 
[0061] As is evident from the vertical-plane radiation 
pattern shown in Fig. 11, in the semicircular radial an- 
tenna 1 described in connection with the embodiment 
shown in Fig. 1 0, the gain of the antenna rises within the 
range from about -25'' to -80*', and a vertically-radiated 
beam is seen to be oriented downward. 
[0062] The vertical radiation beam can be oriented 
downward by forming the upper and lower waveguide 
plates 2 and 3 such that the radius ra becomes shorter 
than the radius r. The downward angle of the vertical 
radiation beam can be changed, by suitably selecting 
the radius ra of the lower waveguide plate 3. 
[0063] The semicircular radial antenna according to 
the second through the fifth embodiments can be used 
as an antenna for use with a portable cellular phone in, 
e.g., a parking area In a building, and exhibit high per- 
formance. More specifically, when an antenna for a port- 
able cellular phone is set in a building, the antenna is 
set at the highest possible position, such as a higher 
position on a wall. Hence, the radiation angle of a verti- 
cal radiation beam must be oriented downward. In such 
a case, the semicircular radial antenna of the invention 
enables arbitrary, variable setting of a radiating direction 
of a vertical radiation beam. Further, the width of a hor- 
izontal beam can be set arbitrarily in accordance with 
the size of a parking area. Hence, the semicircular radial 
antenna can exhibit high performance. 
[0064] Fig. 1 2 shows a semicircular radial antenna ac- 
cording to a sixth embodiment of the invention. In this 
embodiment, it is configured such that the position of 
the center of curvature can be changed in accordance 
with the desired horizontal beam radiation characteris- 
tic. 

[0065] Specifically, a semicircular upper waveguide 
plate 2 and a semicircular lower waveguide plate 3 each 
having a radius of curvature r are slidably fixed on a con- 
nection member 18 by fixation members 19. The con- 
nection member serves as a short-circuit wall. By form- 
ing a slot, through which the fixation member passes on 
each waveguide plate, the center of curvature can be 
selected between the connection member 18 and a 
power feeder 6 (i.e., within a range designated by d). 
[0066] Although screws are Illustrated as the fixation 
members 19, any kinds of member may be adopted If 
the waveguide plates 2, 3 are suitably fixed on the con- 
nection member 18. 

[0067] Fig. 1 3 shows a semicircular radial antenna ac- 
cording to a seventh embodiment. In this embodiment, 
at least one of the position of the center of curvature, 
the curvature radius, the tapered angle of the outer pe- 
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ripheral face of each waveguide plate can be selected 
In accordance with a desired horizontal beam radiation 
characteristic and a desired vertical beam orientation. 
[0068] Specifically, a semicircular upper waveguide 
plate 2 wherein the curvature radius r and the tapered s 
angle p are previously selected is fixed on a top face of 
a connection member 1 8 by a fixation member 1 9 such 
that the center of radius is placed at a desired position 
between the connection member 1 8 and a power feeder 
6 (i.e., within a range designated by d). 
[0069] On the other hand, a semicircular lower 
waveguide plate 3 wherein the curvature of radius ra 
and the tapered angle a are previously selected is fixed 
on a bottom face of the connection member 8 by a fix- 
ation member 1 9 such that the center of radius is placed 
at a desired position between the connection member 
18 and the power feeder 6. 

[0070] Here, as well as the sixth embodiment shown 
in Fig. 12, the respective waveguide plates may be sli- 
dably fixed on the connection member 1 8 such that the 
position of the center of radius can be adjusted. 
[0071] A semicircular radial antenna according to an 
eighth embodiment will be described with reference to 
Figs. 14 through 18D. 

[0072] As indicated in Fig. 14, in the semicircular ra- 
dial antenna 1 , a semicircular upper waveguide plate 2 
is positioned opposite to a semicircular lower waveguide 
plate 3 while maintaining a predetermined interval be- 
tween these waveguide plates, for example, an Interval 
*s* defined by approximately 0.25X QJA). Also, base por- 
tions (straight edge portions) of these waveguide plates 
are short-circuited by a short-circuit wall 4 having a 
thickness "t", so that a semicircular radial waveguide 
path 5 is constituted between the upper waveguide plate 
2 and the lower waveguide plate 3. In other words, this 
semicircular radial waveguide path 5 is formed under 
such a condition that a base portion thereof is short- 
circuited by the short-circuit wall 4, and a circumferential 
portion thereof is opened. A thickness "B" of the upper 
waveguide plate 2 and a thickness "B" of the lower 
waveguide plate 3 are set to approximately 0.23A., and 
a thickness "t" of the short-circuit wall 4 is set to approx- 
imately 0.08A.. 

[0073] Also, both horseshoe-shaped groove forming 
plates 11 and 12 are mounted along outer circumferen- 
tial edges on both an upper face of the upper waveguide 
plate 2 and a lower face of the lower waveguide plate 3, 
while maintaining a predetermined interval between 
these groove forming plates 11 and 12, so as to form 
grooves 8 and 9. In this case, base portions of the 
groove forming plates 11 and 12 are mounted on the 
upper waveguide plate 2 and the lower waveguide plate 
3, so that bottom portions of the grooves 8 and 9 are 
short-circuited. In other words, as indicated in Fig. 16, 
the grooves 8 and 9 are formed in both the upper face 
of the upper waveguide plate 2 and the lower face of the 
lower waveguide plate 3, while a depth of each of the 
grooves 8 and 9 is "Lc", a height of each of the grooves 



8 and 9 is "he", and a front face of each of the grooves 
8 and 9 is opened. The depth "Lc" and the height "he" 
of each of the grooves 8 and 9 are set to approximately 
0.25X and approximately 0.08X, respectively. 
[0074] Then, as shown in Fig. 15, a power feeder 
(probe) 6 is provided on the lower waveguide plate 3 at 
a center position separated from the short-circuit wall 4 
by a constant interval "d", for instance, )J4. While each 
of the upper waveguide plate 2 and the lower waveguide 
plate 3 is formed in a semicircular shape having a radius 
"r", a value of this radius "r" is set to approximately 2X. 
[0075] As the above-described power feeder 6. for ex- 
ample, a coaxial connector 7 as indicated in Fig. 17 is 
used. A feeding pin is provided in such a manner that 
the feeding pin is projected from a center portion of the 
lower waveguide plate 3 inside the semicircular radial 
waveguide path 5. A projection length of this feeding pin 
is set to approximately O.MSk, 

[0076] In this embodiment, since the grooves 8 and 9 
are provided on the outer sides of both the upper 
waveguide 2 and the lower waveguide 3, unnecessary 
radiation to backward areas can be blocked due to 
choke effects achieved by the grooves 8 and 9, so that 
the antenna gain can be improved. 
[0077] Figs. 1 8A and 1 8B represent radiation charac- 
teristics of a semicircular radial antenna in which the 
grooves 8 and 9 are not provided, whereas Figs. 1 8C 
and 18D show radiation characteristics of the semicir- 
cutar radial antenna 1 in which the grooves 8 and 9 are 
provided. In this case, assuming now that a receiving 
frequency of the semicircular radial antenna 1 is select- 
ed to be 12.5 GHz (wavelength "A." = 24.0 mm), dimen- 
sions of the respective portions are set as follows: 

r = 2.08X. 
d = 0.25X, 
t = 0.08X, 

B = 0.23X, 
he = O.OSX, 
Lc = 0.20A, 
Lpro = 0.1 75>.. 

[0078] Also, as indicated in Fig. 14 and 15, the radia- 
tion characteristics of Fig. 1 8 are represented, assuming 
now that a direction which passes through a feeding 
point (origin) and is directed in parallel to the short-cir- 
cuit wall 4 of the antenna is defined as an °x axis"; a 
front direction perpendicular to this x axis is defined as 
a "y axis"; and a direction which is directed from an origin 
of the y axis to a vertical direction is defined as a "z axis." 
Then, Fig. 18Aand 18C represent radiation character- 
istics "E<j)" of the horizontal plane, assuming now that an 
angle directed from the x axis to the y axis is defined as 
"<})", whereas Fig. 18B and 18D show radiation charac- 
teristics "E0" of the vertical plane, assuming now that an 
angle directed from the z axis to the y axis is defined as 
"9." 

[0079] As apparent from the above-described radia- 
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tion characteristics of Fig. 1 8, since the grooves 8 and 
9 are formed In both the upper face of the upper 
waveguide plate 2 and the lower face of the lower 
waveguide plate 3, it can be understood that the unnec- 
essary backward radiation (namely, - y axial area) is re- 
duced. As a consequence, the gain as to the antenna 
forward areas can be increased. 
[0080] Next, a ninth emlx)diment of the present inven- 
tion will be described with reference to Figs. 1 9 through 
21 B. 

[0081] The semicircular radial antenna 1 according to 
this embodiment is to form grooves 8 and 9 in such a 
manner that, as indicated in Figs. 19 and 20, grooves 
are formed along an outer circumferential face (front 
edge plane) of an upper waveguide plate 2, and also, 
an outer circumferential face (front edge plane) of a low- 
er waveguide plate 3. In this case, a depth "Lc" and a 
height "he" of each of the grooves 8 and 9 are set to 
such values similar to those of the above-described 
eighth embodiment. Also, the groove 8 is provided in 
proximity to the upper face of the upper waveguide plate 
2, and the groove 9 is provided in proximity to the lower 
face of the lower waveguide plate 3. 
[0082] Figs. 21 A and 21 B represent a radiation char- 
acteristic of the semicircular radial antenna 1 according 
to this emtx)diment. In other words, Fig. 21 A is a radia- 
tion characteristic "£<>" of the horizontal plane, assuming 
now that an angle directed from the x axis to the y axis 
is defined as "(j)", whereas Fig. 21 B shows a radiation 
characteristic "EG" of the vertical plane, assuming now 
that an angle directed from the z axis to the y axis is 
defined as "e." It should be understood that the radiation 
characteristics of Fig. 21 are represented in such a case 
that dimensions of the respective portions of the semi- 
circular radial antenna 1 are set to the same values of 
the eighth embodiment. 

[0083] Similar to the case of the eighth embodiment, 
also, in the semicircular radial antenna 1 according to 
this embodiment, the unnecessary backward radiation 
(namely, - y axial area) is reduced, so that the gain as 
to the antenna forward areas can be increased. 
[0084] Fig. 22 shows a semicircular radial antenna ac- 
cording to a tenth embodiment of the present invention. 
[0085] This emtK)diment is realized by that both a 
front edge portion of an upper waveguide plate 2 and a 
front edge portion of a lower waveguide plate 3 are ex- 
tended along upper/lower directions so as to constitute 
extended portions 21 and 22, and a plurality of grooves 
8 and 9 are formed in outer circumferential faces of 
these extended portions 21 and 22. A width "La" of each 
of the extended portions 21 and 22 is made slight larger 
than a depth "Lc" of each of the grooves 8 and 9. A 
height of each of the above-described extended por- 
tions 21 and 22 is set In accordance with total numbers 
of the grooves 8 and 9 to be formed. A total number of 
each of these grooves 8 and 9 is effectively selected to 
be 2 through approximately 10. Also, a period "W" of 
each of these grooves 8 and 9 is approximately X. 



[0086] According to the above configuration, unnec- 
essary backward radiation (namely -y axial areas) can 
be more firmly reduced due to the choke effects 
achieved by the grooves 8 and 9, so that gains to the 

5 antenna fonward areas can be furthermore increased. 
[0087] Fig. 23 shows a semicircular radial antenna ac- 
cording to an eleventh embodiment of the present In- 
vention. This embodiment is realized by that as to tenth 
embodiment shown in Fig. 22, a dielectric substance 25 

10 whose thickness "Ld" is approximately }J2 or more is 
provided on the front face side of the semicircular radial 
antenna 1, namely a front face side of a semicircular 
radial waveguide path 5. and also, front face sides of 
the extended portions 21 and 22. In this case, symbol 

15 "A." Is defined by the following equation. 

X = XqNe, (1) 

20 [0088] It should be noted that the above-described 
symbol "Xq" is a free spatial wavelength, and symbol "e/ 
shows a dielectric constant of the dielectric substance 
25. 

[0089] According to the above configuration, the die- 
^5 lectric substance 25 may constitute a dielectric line, so 
that electromagnetic waves which are directed from the 
semicircular radial waveguide path 5 via the dielectric 
substance 25 to upper/lower directions is increased. 
The currents of the electromagnetic waves which pass 
30 through the dielectric substance 25 and are directed to 
the upper/lower directions are cut by the grooves 8 and 
9 which are formed in the extended portions 21 and 22, 
so that the electromagnetic waves are radiated along a 
front direction. As a result, radiation beams along the 
35 front direction are increased, and thus, gains can be in- 
creased. 

[0090] It should also be noted that Fig. 23 shows such 
a case that no dielectric substance is filled into the 
grooves 8 and 9. Alternatively, it is apparent that such 
a dielectric substance may be filled into the grooves 8 
and 9. In this alternative case, dimensions of the 
grooves 8 and 9 may be calculated, while considering 
a wavelength shortening ratio caused by the dielectric 
substance. In other words, as explained above, the 
^5 wavelength "X" may be calculated as the equation (1). 
[0091 ] Fig, 24 shows a semicircular radial antenna ac- 
cording to a twelfth embodiment of the present inven- 
tion. In the above-described eleventh embodiment, the 
grooves 8 and 9 are provided in the extended portion 
5^ 21 and 22, whereas in this embodiment, grooves 8 and 
9 are provided in a front face of a dielectric substance 
25. 

[0092] As previously explained, since the grooves 8 
and 9 are formed in the front face side of the dielectric 
55 substance 25, an impedance within the dielectric sub- 
stance 25 is changed and a transfer mode is disturbed 
to radiate electromagnetic waves. As a consequence, 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 258 948 A2 



16 



such electromagnetic waves which are directed from a 
semicircular radial waveguide path 5 via the dielectric 
substance 25 to the upper/lower directions may be ra- 
diated along the front direction due to the disturbance 
of the transfer mode of the grooves 8 and 9. As a result, 
radiation beams to the front direction can be Increased 
and gains can be improved. 

[0093] Figs. 25 and 26 show a semicircular radial an- 
tenna according to a thirteenth embodiment of the 
present invention. This embodiment Is realized by that 
metal strip lines 26 and 27 are provided on a front face 
of a dielectric substance 25, instead of the grooves 8 
and 9, by way of, for example, a vapor deposition meth- 
od, or the like. Since a period of each of the above-de- 
scribed metal strip lines 26 and 27 Is set to approximate- 
ly A, such electromagnetic waves which are directed 
from a semicircular radial waveguide path 5 via the di- 
electric substance 25 to the upper/lower directions may 
be radiated along the front direction by the metal strip 
lines 26 and 27. As a result, radiation beams to the front 
direction can be increased and gains can be improved. 
[0094] It should also be noted that as indicated in the 
above-described tenth embodiment (Fig. 22) to the 
twelfth embodiment (Fig. 24), when plural sets of the 
grooves 8 and 9 are provided, since the period W(lnter- 
val) of each of the grooves 8 and 9 Is changed, the ra- 
diation beams can be titled along either the upper direc- 
tion, or the lower direction. 

[0095] Also, in such a case that a plurality of metal 
strip lines 26 and 27 are provided as indicated in the 
thirteenth embodiment (Figs. 25 and 26), since the pe- 
riods (intervals) of the metal strip lines 26 and 27 are 
changed, the radiation beams can be titled along either 
the upper direction or the lower direction. 
[0096] Fig. 27 shows a fourteenth embodiment of the 
invention in which a multidirectional antenna is consti- 
tuted by semicircular radial antennas. As shown in this 
figure, three semicircular radial antennas 1 01 to 1 03 are 
circularly arranged at an equal angle of 1 20° in this case. 
A signal obtained from each power feeder is inphase- 
combined by a combiner 14. In this case, the semicir- 
cular radial antennas 101 to 103 are arranged such that 
each arcuate portion for radiating a radio wave is located 
outside. 

[0097] As each of the above semicircular radial an- 
tennas 1 01 to 1 03, the semicircular radial antennas ac- 
cording to the above-described embodiments may be 
suitably selected. 

[0098] The semicircular radial antennas 101 to 103 
constructed as mentioned above have vertical plane di- 
rectivity and horizontal plane directivity as shown in 
Figs. 28A to 28C. In these directivities, as shown in Fig. 
27, the vertical direction at a power feeder (origin) is set 
to the X-axis, and the direction passing this origin and 
parallel to a short-circuit wall is set to the y-axis, and the 
front face direction perpendicular to the above x and y 
axes is set to the z-axis. 

[0099] Fig. 28A shows the vertical plane directivity of 



the semicircular radial antennas 101 to 103. This direc- 
tivity is strong In the x-axis direction (vertical direction) 
and the z-axIs direction (front face direction). When the 
lower waveguide plate of the above semicircular radial 

5 antennas 101 to 1 03 is set to be infinite, the directivity 
of the upper side half in Fig. 28A is provided as shown 
in Fig. 28B. Fig. 28C shows the horizontal plane direc- 
tivity, and this directivity is strong in the z-axis direction 
(front face direction), and has a beam width of about 

10 120**. 

[0100] The three semicircular radial antennas 101 to 
103 having the above directivities are circularly ar- 
ranged at an angle of 120° as shown in Fig. 27. When 
a signal obtained from each power feeder is inphase- 
15 combined, the horizontal plane directivity becomes non- 
directivity as shown in Fig. 29A. Further, in the vertical 
plane directivity, a null point Is caused In a central portion 
In the x-directlon as shown In Fig. 29B. Namely, when 
the three semicircular radial antennas 101 to 103 are 
20 circularly arranged at the angle of 120°, the respective 
directions approximately become reverse directions. 
Accordingly, the direction of an electric current flowing 
through each antenna approximately becomes a re- 
verse direction when the inphase combination is per- 
25 formed. As a result, these directions are mutually can- 
celled in the vertical plane and the null point is caused 
in the central portion in the x-direction. 
[01 01 ] According to the above configuration, not only 
the horizontal plane can be set to nondlrectivity, but also 
30 a predetermined gain can be obtained in the vertical 
plane except for the x-direction (just above). 
[0102] A fifteenth embodiment of the present inven- 
tion will next be explained with reference to Fig. 30. 
[0103] In this embodiment, two semicircular radial an- 
35 tennas 1 01 , 1 02 shown in the fourteenth emt)odiment 
are directly connected to a combiner 14, and another 
semicircular radial antenna 1 03 and the combiner 1 4 are 
switched and connected by a first switch 1 5. Further, the 
output of the combiner 14 and the semicircular radial 
40 antenna 103 are switched by the first switch 15 and a 
second switch 1 6. 

[01 04] The above first and second switches 15,16 are 
operated in association with each other. When a mova- 
ble contact "c" is switched to a contact "a" on the com- 
45 biner 14 side, similar to the case of the fourteenth em- 
bodiment, the outputs of the semicircular radial anten- 
nas 101 to 103 are inphase-combined by the combiner 
14, and are taken out of an output terminal 17 through 
the second switch 1 6. 
50 [0105] When the movable contact "c" of each of the 
first and second switches 1 5, 1 6 is switched to the side 
of a contact "b", the output of the semicircular radial an- 
tenna 1 03 is taken out of the output terminal 17 through 
the first and second switches 15,16. Accordingly, in this 
55 case, the semicircular radial antenna 103 becomes an 
antenna having the directivity of a 1 20° beam in the hor- 
izontal plane and the directivity of the upper direction in 
the vertical plane. 
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[01 06] In this embodiment, the directivity of the anten- 
na can be switched by the first and second switches 1 5. 
16. Accordingly, plural radio waves having different ar- 
riving directions can be received by one antenna, and 
the antenna can be easily arranged even when an ar- 
ranging position and an arranging area are limited in e. 
g., an automobile. 

[0107] A sixteenth embodiment of the present inven- 
tion will next be explained with reference to Fig. 31 . 
[0108] As shown in this figure, this embodiment is 
constructed such that output signals of the three semi- 
circular radial antennas 1 01 to 1 03 shown in the four- 
teenth embodiment are respectively inputted to a com- 
biner 14 through a 0"" phase shifter 21, a 120° phase 
shifter 22 and a 240^ phase shifter 23. Namely, this 
multidirectional antenna is constructed such that these 
output signals are combined with a phase difference. 
[01 09] A circularly polarized wave antenna having di- 
rectivity in the upper direction can be realized by differ- 
ently combining the phases of the signals obtained by 
the respective semicircular radial antennas 101 to 1 03 
as mentioned above every 120°. In this case, polarized 
wave characteristics can be adjusted by changing the 
combining ratio of the respective semicircular radial an- 
tennas 101 to 103. 

[0110] A seventeenth embodiment of the present in- 
vention will next be explained with reference to Fig. 32. 
[01 1 1 ] In this embodiment, the signals obtained by the 

semicircular radial antennas 1 01 to 1 03 are respectively 
inputted to the combiner 1 4 through the 0° phase shifter 
21 and 180° phase shifters 24, 25. 
[0112] A linearly polarized wave antenna having di- 
rectivity in the upper direction can be realized by the 
construction shown in Fig. 32. 

[0113] An eighteenth embodiment of the present in- 
vention will next be explained with reference to Fig. 33. 
[0114] In this embodiment, the output signals of the 
semicircular radial antennas 101 to 1 03 are respectively 
distributed into two signals by distributors 31 to 33, and 
one distributing signal is inputted to a first combiner 1 4a 
and is inphase-combined. The other distributing signal 
outputted from each of the distributors 31 to 33 is input- 
ted to a second combiner 1 4b through a 0** phase shifter 
21 , a 1 20° phase shifter 22 and a 240° phase shifter 23. 
Output signals of the above first combiner 14a and the 
second combiner 1 4b are selected by a switch 34 and 
are outputted from an output terminal 1 7. 
[01 1 5] In the above configuration, since the first com- 
biner 14a inphase-combines the output signals of the 
semicircular radial antennas 101 to 103 distributed by 
the distributors 31 to 33, nondirectivity can be set in the 
horizontal plane as shown in the fourteenth embodiment 
of Fig. 27. 

[0118] Further, the second combiner 14b combines 
the phases of the output signals of the semicircular ra- 
dial antennas 101 to 103 distributed by the distributors 
31 to 33 after these phases are shifted from each other 
every 120° by the 0° phase shifter 21 , the 1 20° phase 



shifter 22 and the 240° phase shifter 23. Hence, similar 
to the sixteenth embodiment shown in Fig. 31, a circu- 
larly polarized wave having directivity in the upper direc- 
tion is obtained. Accordingly, the directivity in the hori- 
5 zontal direction and the directivity in the upper direction 
can be arbitrarily selected by switching the output sig- 
nals of the first combiner 14a and the second combiner 
14b by the switch 34. 

[01 17] In Fig. 33, a linearly polarized wave having di- 
10 rectivity in the upper direction can be obtained from the 
second combiner 14b by using the 0° phase shifter 21 
and the 180° phase shifters 24, 25 as shown in Fig. 32 
instead of the 0° phase shifter 21 , the 1 20° phase shifter 
22 and the 240° phase shifter 23. 
15 [0118] A nineteenth embodiment of the present inven- 
tion will next be explained with reference to Fig. 34. 
[0119] This embodiment shows an example of the 
multidirectional antenna in which a frequency requiring 
directivity in the horizontal direction and a frequency re- 
20 quiring directivity in the upper direction are different from 
each other in the above multidirectional antenna shown 
in Fig. 33. 

[0120] As shown in Fig. 34, the multidirectional anten- 
na shown in this embodiment respectively inputs output 

25 signals of the semicircular radial antennas 101 to 1 03 
to branching filters 41 to 43, and divides these output 
signals into a signal of the frequency requiring directivity 
in the horizontal direction and a signal of the frequency 
requiring directivity in the upper direction. The multidi- 

30 rectional antenna then inputs the signal of the frequency 
requiring directivity in the horizontal direction to the first 
combiner 14a and performs inphase combination. Fur- 
ther, the multidirectional antenna inputs the signal re- 
quiring directivity in the upper direction and divided by 

35 the branching filters 41 to 43 to the second combiner 
1 4b through the 0° phase shifter 21 and the 1 20° phase 
shifter 22 and the 240° phase shifter 23, and then per- 
forms phase difference combination. Output signals of 
the above first combiner 14a and the second combiner 

40 14b are then mixed with each other by a mixer 44 and 
are outputted from the output terminal 17. 
[0121] Nondirectivity can be set in the horizontal 
plane as shown in the fourteenth embodiment by divid- 
ing the signals received by the semicircular radial an- 

45 tennas 101 to 103 by the branching filters 41 to 43 and 
inphase-combining one of these signals by the first com- 
biner 14a as mentioned above. 

[0122] Further, the phase of the other signal divided 
by the branching filters 41 to 43 is set to be different 

50 every 120° by the 0° phase shifter 21 and the 120° 
phase shifter 22 and the 240° phase shifter 23, and is 
then combined by the second combiner 14b. Thus, sim- 
ilar to the sixteenth embodiment shown in Fig. 31 , it is 
possible to receive a circularly polarized wave signal 

55 having directivity in the upper direction. 

[0123] Since the signal inphase-combined by the 
above first combiner 14a and the signal combined by 
the second combiner I4b with a phase difference are 
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different in phase from each other, these signals can be 
mixed by the mixer 44 as they are and can be outputted 
from the output terminal 17. Accordingly, in this case, it 
is unnecessary to perform the switching operation of a 
switch even when the output terminal 1 7 and a device 
are connected to each other by one cable. 
[0124] Each of the above embodiments shows the 
case in which the multidirectional antenna is construct- 
ed by using the three semicircular radial antennas 101 
to 103. However, the multidirectional antenna may be 
also constructed by using two, four or more semicircular 
radial antennas. However, when the multidirectional an- 
tenna is constructed by using two semicircular radial an- 
tennas, no directivity in the horizontal plane cannot be 
obtained, instead, it is obtained a radiation characteristic 
wherein the gain in the front face direction Is large and 
the gain in the transversal direction is reduced. Further, 
in this case, a linearly polarized wave in the upper di- 
rection is formed in the vertical plane. 
[0125] A twentieth embodiment of the present inven- 
tion will next be explained with reference to Figs. 35A 
and 35B. 

[01 26] In this embodiment, a patch antenna is further 
combined with the multidirectional antenna according to 
the fourteenth embodiment shown in Fig. 27. Namely, a 
conductor plate 51 for ground connection is arranged 
on the upper faces of the semicircular radial antennas 
101 to 103, and a patch antenna 53 is arranged on this 
conductor plate 51 through a dielectric substrate 52. 
[0127] A coaxial cable 55 for power feeding is con- 
nected to a power feeder 54 of the patch antenna 53 
from below side. Signals obtained from respective pow- 
er feeders 6 of the semicircular radial antennas 101 to 
1 03 are inphase-combined by an unillustrated combin- 
er. 

[0128] The above multidirectional antenna receives 
the signal of a frequency f1 by the semicircular radial 
antennas 101 to 103, and also receives the signal of a 
frequency f2 by the patch antenna 53. In this case, the 
frequencies f 1 and f2 are set to the relation of f2 > f1 . 
[01 29] In this embodiment, power Is easily supplied to 
the patch antenna 53 since the coaxial cable 55 can be 
arranged by utilizing a central portion surrounded by the 
short-circuit walls 4 of the semicircular radial antennas 
101 to 103. An optimum operation can be performed in 
each antenna even when the frequency f2 of the patch 
antenna 53 is separated twice or more from the frequen- 
cy f1 of the semicircular radial antennas 101 to 103, i. 
e., even when f2 > 2f1 is set. 

[0130] In the this embodiment, plural patch antennas 
53 may be arranged. Further, it is also possible to use 
an antenna except for the patch antenna, e.g., a monop- 
ole antenna, a dipole antenna, a whip antenna, etc. 
[0131] A twenty-first embodiment of the present in- 
vention will next be explained with reference to Figs. 
36A and 36B. 

[0132] In this embodiment, the rear sides of plural 
semicircular radial antennas such as two semicircular 



radial antennas 101. 102, i.e., their short-circuit wall 4 
sides are oppositely arranged with a predetermined dis- 
tance. Other semicircular radial antennas 101a, 102a 
are arranged on these semicircular radial antennas 1 01 , 

s 1 02. Namely, the plural semicircular radial antennas are 
arranged in a multilayered structure. 
[0133] The above semicircular radial antennas 101, 
102 of a lower layer are arranged to receive the signal 
of a frequency f1, and take-out a signal obtained from 

10 each power feeder 6 by inphase combination using the 
first combiner 14a. The semicircular radial antennas 
101a, 102a of an upper layer are arranged to receive 
the signal of a frequency f2, and take-out a signal ob- 
tained from each power feeder 6a by the inphase com- 

15 bination using the second combiner 14b. 

[0134] A different frequency can be allocated every 
antenna of each layer by forming the multilayered struc- 
ture as mentioned above. 

[01 35] In this embodiment, each layer is constructed 

20 by two semicircular radial antennas, but may be also 
constructed by using three or more semicircular radial 
antennas. Further, the number of antennas of each layer 
may be also set to be different. Further, a conductor 
plate for ground connection may be also interposed be- 

25 tween the antennas of each layer. 

[0136] Each of the above embodiments shows the 
case using the metallic plate as a material constituting 
the semicircular radial antenna, but the semicircular ra- 
dial antenna can be also constructed by using a film sub- 

30 strate. In this case, a flexible dielectric such as a foaming 
sheet, etc. is Interposed in a semicircular radial 
waveguide portion. Thus, the antenna can be easily at- 
tached by constructing the semicircular radial antenna 
by using a flexible film substrate, etc, in this way even 

35 when an antenna attaching face is e.g.. a curved surface 
such as the ceiling face of an automobile. 
[0137] Further, the above embodiments show the 
case constituting the multidirectional antenna using the 
semicircular radial antenna. However, it is possible to 

40 use another antenna, e.g., a patch antenna, a reverse 
F-type antenna, a mesh antenna having a }J2 dimen- 
sion. 

[0138] Fig. 37 shows a constructional example of a 
patch antenna per se. A patch antenna element 62 is 

45 arranged with a predetermined distance above a con- 
ductor plate 61 for ground connection. For example, this 
patch antenna element 62 is formed in a rectangular 
shape having X/4 in width and 7J2 in length. One side 
portion of the patch antenna element 62 is short- 
so circuited to the conductor plate 61 by a short-circuit wall 
63. The short-circuit wall 63 short-circuits the patch an- 
tenna element 62 to the conductor plate 61 , and holds 
the patch antenna element 62 in a predetermined posi- 
tion. An power supply pin 64 is arranged in the conductor 
55 plate 61 , and supplies power to a central portion of the 
patch antenna element 62. A dielectric may be also in- 
terposed between the above conductor plate 61 and the 
patch antenna element 62. 



11 



21 



EP 1 258 948 A2 



22 



[01 39] Fig. 38 shows a constructional example of the 
mesh antenna per se having a A/2 dimension. In this 
mesh antenna, a mesh antenna element 71 is arranged 
instead of the patch antenna element 62 in the patch 
antenna shown in Fig. 37. For example, the mesh an- 
tenna element 71 is formed in a rectangular shape hav- 
ing X/A in width and X/2 in length, and is divided into two 
meshes (an interval of Xy2) in the width direction and 
four meshes (an interval of X/Q) in the longitudinal direc- 
tion. Further, the mesh antenna element 71 short-cir- 
cuits an intersection point portion of each mesh in one 
side portion to a conductor plate 61 for ground connec- 
tion by a short-circuit pin 72, Further, a power feeder 73 
is arranged in the conductor plate 61 , and supplies pow- 
er to a central portion of the mesh antenna element 71 . 
[0140] Although the present invention has been 
shown and described with reference to specific pre- 
ferred embodiments, various changes and modifica- 
tions will be apparent to those skilled In the art from the 
teachings herein. Such changes and modifications as 
are obvious are deemed to come within the spirit, scope 
and contemplation of the invention as defined in the ap- 
pended claims. 



Claims 

1. A semicircular radial antenna, comprising: 

a pair of semicircular waveguide plates, having 
a pair of linear edge portions, an arcuate edge 
portion defined between the linear edge por- 
tions, the waveguide plates spaced from each 
other In a vertical direction; 
a connecting member, which physically and 
electrically connects at least a part of the linear 
edge portions in each waveguide plate; 
a power feeder, provided between the 
waveguide plates while being spaced from the 
connecting member, 

wherein at least one of the following require- 
ments is satisfied: 

i) a position of a curvature center of the arcuate 
portion in at least one of the waveguide plates 
is selected between the connecting member 
and the power feeder, in accordance with a de- 
sired horizontal beam radiation characteristic; 

ii) a curvature radius of the arcuate portion in 
at least one of the waveguide plates is selected 
in accordance with a desired vertical beam ra- 
diation characteristic; and 

iii) a slanted angle of a peripheral face of the 
arcuate portion, which connects a top face and 
a bottom face of each waveguide plate, in at 
least one of the waveguide plates is selected in 
accordance with a desired vertical beam radia- 



tion characteristic. 

2. The semicircular radial antenna as set forth In claim 
1. wherein at least one of the waveguide plates is 

5 slidably fixed on the connecting member such that 
the position of the curvature center is adjustable. 

3. The semicircular radial antenna as set forth in claim 
1 , wherein at least one of the waveguide plates is 

^0 detachably fixed on the connecting member. 

4. The semicircular radial antenna as set forth in claim 
1 . further comprising: 

^5 a first plate member disposed on a top face of 

an upper waveguide plate so as to form a 
groove between the top face and the plate 
member and along the arcuate portion; and 
a second plate member disposed on a bottom 
20 face of a lower waveguide plate so as to form 

a groove extending along the arcuate portion 
between the bottom face and the plate member. 

5. The semicircular radial antenna as set forth in claim 
25 1 , wherein the peripheral face of the arcuate portion 

is formed with at least one groove extending along 
the arcuate portion. 

6. The semicircular radial antenna as set forth in claim 
30 5, further comprising: 

extended portions protruded from a top face of 
an upper waveguide plate and a bottom face of 
a lower waveguide plate in the vertical direc- 
35 tion , and extending along the arcuate portion of 

each waveguide plate, each extended portion 
being formed with at least one groove extend- 
ing along the arcuate portion. 

40 7. The semicircular radial antenna as set forth in claim 
6, further comprising a dielectric member formed 
along the peripheral face of the arcuate portion and 
a peripheral face of each extended portion. 

45 8. The semicircular radial antenna as set forth in claim 
5, wherein an interval between the grooves is de- 
termined in accordance with a tilt angle of a beam 
radiation in the vertical direction. 

50 9. The semicircular radial antenna as set forth in claim 
1, further comprising a dielectric member formed 
along the peripheral face of the arcuate portion, 

wherein a peripheral face of the dielectric 
member Is formed with a plurality of grooves ex- 

55 tending along the arcuate portion at positions where 
are substantially opposing to the peripheral faces 
of the arcuate portions in the respective waveguide 
plates. 
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10. The semicircutar radial antenna as set forth in claim 
9, wherein an Interval between the grooves is de- 
termined in accordance with a tilt angle of a beam 
radiation in the vertical direction. 

11. The semicircular radial antenna as set forth in claim 

I, further comprising a dielectric member formed 
along the peripheral face of the arcuate portion, 

wherein a peripheral face of the dielectric 
member is formed with a plurality of metal strip lines 
extending along the arcuate portion at positions 
where are substantially opposing to the peripheral 
faces of the arcuate portions in the respective 
waveguide plates. 

12. The semicircular radial antenna as set forth in claim 

II, wherein an interval between the metal strip line 
is determined in accordance with a tilt angle of a 
beam radiation in the vertical direction. 

13. The semicircular radial antenna as set forth in claim 
1 , further comprising a combiner through which the 
semicircular radial antenna is connected with at 
least one semicircular radial antenna having the 
same configuration, 

wherein the combiner combines signals ob- 
tained from each power feeder. 

14. The semicircular radial antenna as set forth in claim 
1 3, further comprising a switch for selecting a signal 
outputted from the combiner or a signal obtained 
from the power feeder of one semicircular radial an- 
tenna. 

1 5. The semicircular radial antenna as set forth in claim 
13, further comprising a phase shifter which shifts 
a phase of a signal obtained from the power feeder 
so as to receive a circularly polarized wave signal 
together with another semicircular radial antenna. 

1 6. The semicircular radial antenna as set forth in claim 
13, further comprising a phase shifter which shifts 
a phase of a signal obtained from the power feeder 
so as to receive a linearly polarized wave signal to- 
gether with another semicircular radial antenna. 

17. The semicircular radial antenna as set forth In claim 

13, further comprising: 

a first combiner, through which the semicircular 
radial antenna is connected with at least one 
semicircular radial antenna having the same 
configuration; 

a phase shifter which shifts a phase of a signal 
obtained from the power feeder so as to receive 
a circularly polarized wave signal together with 
another semicircular radial antenna; and 
a second combiner, through which the semicir- 



cular radial antenna is connected with another 
semicircular radial antenna via the phase shift- 
er. 

5 18. The semicircular radial antenna as set forth in claim 
1 7, further comprising a branching filter which trans- 
mits a signal having a first frequency to the first com- 
biner and a signal having a second frequency to the 

second combiner. 

10 

1 9. The semicircular radial antenna as set forth in claim 
1 3. further comprising: 

a first combiner, through which the semicircular 
15 radial antenna is connected with at least one 

semicircular radial antenna having the same 
configuration; 

a phase shifter which shifts a phase of a signal 
obtained from the power feeder so as to receive 

20 a linearly polarized wave signal together with 

another semicircular radial antenna; and 
a second combiner, through which the semicir- 
cular radial antenna is connected with another 
semicircular radial antenna via the phase shift- 

25 er. 

20. The semicircular radial antenna as set forth in claim 
1 9, further comprising a branching filter which trans- 
mits a signal having a first frequency to the first com- 

30 biner and a signal having a second frequency to the 
second combiner. 

21 . The semicircular radial antenna as set forth in claim 
13, wherein the semicircular radial antenna is con- 

35 nected with at least two semicircular radial anten- 
nas such that the semicircular radial antennas are 
circularly arranged at an equal interval. 

22. The semicircular radial antenna as set forth in claim 
40 1 3, further comprising at least one second antenna 

for receiving a wave signal having a frequency high- 
er than a frequency of a wave signal received by 
the semicircular radial antenna. 

45 23. The semicircutar radial antenna as set forth in claim 
13, further comprising at least two second semicir- 
cular antenna for receiving a wave signal having a 
frequency different from a frequency of a wave sig- 
nal received by the semicircular antenna. 

50 

24. The semicircular radial antenna as set forth in claim 
1, wherein the waveguide plates are provided as 
film substrates, and a flexible dielectric substance 
is placed between the waveguide plates. 

55 
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